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ABSTRACT 

Commercial and research lobster trapping, targeting two species of lobster 
{Pamilinis marginatiis and Scyllaricies squammosus), began in the Northwestern 
Hawaiian Islands in the mid 1970s. Commercial fishing effort peaked in 1986 at 1.3 
million trap hauls. A corresponding site-specific, depth-stratified research-monitoring 
program began in 1986 with two sites, Necker Island and Maro Reef, visited annually. 
Two types of traps were used in the commercial and research fisheries, initially a 2x4- 
inch-mesh wire trap and later a lx2-inch-mesh plastic trap. Research trapping was 
earned out in two depth strata: 18-37 m (shallow) and 38-91 m (deep). Both trap types 
are highly selective with target species comprising 90% and 73% of the research catch 
for wire and plastic traps, respectively. Changes in diversity and species abundance 
of the research trap catches from 1976-2003 are evaluated and discussed in terms of 
potential impacts due to fishing activity. The Simpson diversity index measured for the 
community, using plastic trap catch data, showed a significant increase over time for 
both depth strata at Necker Island, but a significant decline over time for the shallower 
depth stratum at Maro Reef. Significant increases in species richness for all sites as 
measured by Margalef’s diversity index were strongly related to increases in trapping 
effort. Simpson’s measure of evenness declined significantly over time for both depth 
strata at Maro Reef. Declines in abundance of both target species attributed to direct 
removal (harvest) occurred at Necker Island and for spiny lobster at Maro Reef Declines 
in abundance for nontarget species were not observed. Increases in species abundance 
possibly attributed to competitive replacement were observed for slipper lobster at Maro 
Reef and for nontarget crab species at both study locations. Recent increases in whitetip 
reef shark abundance were observed for both Necker Island and Maro Reef, but they 
could not be explained in tenns of fishery impacts. 
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INTRODUCTION 

Impacts of Fishing on the Ecosystem 

High biodiversity is thought to provide stability to an ecosystem exposed to 
stress including anthropogenic disturbances such as pollution and fishing pressure 
(Jennings and Kaiser, 1998; McCann, 2000; Magun*an, 2004; Kiessling, 2005), and the 
protection of ecosystems and their biodiversity is a goal of many resource management 
and conservation organizations. All fishing activities impact the ecosystem in some 
manner. The nature and extent of the impact varies with the fishery, gear used, and effort 
expended. Due to their extractive nature, fisheries, at the very least, directly reduce the 
available biomass of target species. Active gears such as trawls and dredges generally 
have larger impacts to the ecosystem than do passive gears such as traps or hooks 
(Alverson et al., 1994; Jennings and Kaiser, 1998). Trawls typically have low selectivity 
for target species with the discarded bycatch comprising as much as 90% of the total 
catch (Alverson et al., 1994). Active gear can also drastically alter the stmcture of the 
habitat, which can lead to changes in biodiversity, species composition, and productivity 
(Jennings and Kaiser, 1 998). Passive gears, by contrast, generally have lower rates of 
bycatch and are less likely to directly alter the substratum (Alverson et al., 1994; Jennings 
and Kaiser, 1998). Not all fishing impacts are direct. With the complex interactions 
within any food web, direct alterations in abundance of any one species may indirectly 
cause changes in abundance of another dependent species by prey removal, prey release, 
competitive replacement, or scavenger enhancement. 

Diversity measures are comprised of two components, richness and evenness, and 
various indices emphasize one or the other component differently. Fishing activities can 
impact either component. In some cases the impacts of fishing activities are restricted 
to changes in target species size and abundance, either with no obseiwable change in 
community diversity or species richness (Watson et al., 1996), or with no change in 
richness but changes, including increases, in diversity due largely to changes in evenness 
(ICES, 1996; Rice, 2000; Bianchi et al., 2000). In other cases fishing activities have led 
to declines in richness and diversity through extirpation of target species (Randall and 
Heemstra, 1991; Jennings et al., 1995; Jennings and Polunin, 1997; Jennings and Kaiser, 
1998; Hall, 1999; Gislason et al., 2000). 

Northwestern Hawaiian Island Lobster Fishery 

The Northwestern Hawaiian Islands (NWHI) is a series of islands, islets, banks, 
and reefs extending 1,500 nautical miles from Nihoa Island to Kure Atoll. Commercial 
and research lobster trapping in this region commenced concun*ently in the mid-1970s. 
During the 1980s, the commercial trap fishery was one of Hawaii’s most valuable 
demersal fisheries, valued at approximately $6 million per year (Polovina, 1993). This 
fisheiy is a multispecies fishery and primarily targets Hawaiian spiny lobster {Pa7niliriis 
marginatns) and common slipper lobster {Scyllarides squammosns). Commercial catch 
peaked in 1985, and effort peaked in 1986 (Fig. 1); however, the commercial fishery was 
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closed in 2000 due to an increasing lack of confidence in the population models used for 
management decisions. Research to advance the existing population models is presently 
undei*\vay (DiNardo and Wcthcrall, 1999). 

The nature of the commercial fishery changed over time. When the fisheiy started 
in the mid-1970s, one to two vessels targeted Hawaiian spiny lobster in the NWlll each 
year bringing them back to port alive for the live- lobster market. Trips lasted about 1 0 
days and coupled bottomfishing with lobster trapping with a total of less than 20 trips per 
year combined. Trapping effort was relatively low, circa 50-100 trap hauls per vessel- 
day totaling less than 20,000 hauls per year. The standard trap for the fishery was the 
two-chambered California lobster trap. This was a wire trap with a 2x4-inch mesh. In 
1981, vessels began conducting trips dedicated solely to lobster trapping and processed 
the catch at sea, landing only frozen tails for an export market. The fleet size increased 
in the early 1980s to as many as 15 vessels fishing in a single year. Trapping effort on 
these trips increased markedly with trips frequently lasting 40-60 days and approximately 
1,000 traps hauled per vessel-day. By the mid-1980s, the gear of choice changed from 
the wire California trap to a stackable molded plastic trap with a lx2-inch mesh. This 
gear change allowed vessels to cany and fish more traps and also resulted in much higher 
slipper lobster catch rates. 

Research trapping by NMFS used similar gear and techniques. Efforts in the 
late 1970s and early 1980s were largely exploratory in nature, spread thinly throughout 
the Archipelago. In 1986, a monitoring program was initiated whereby set sites around 
Necker Island and Maro Reef were visited annually using standardized gear and trapping 
techniques. 

In this study, we analyzed the time series of NWHI lobster trap catches obtained 
on research cruises. Changes in diversity and species abundance were evaluated and 
discussed with particular emphasis on changes that can be associated with fishing 
activities. 



METHODS 



Field Operations 

The National Oceanic and Atmospheric Administration (NOAA) Fisheries 
Honolulu Laboratory conducted fishery-independent lobster trapping operations in the 
NWHI since 1976. As in the commercial fishery, two types of traps were used during 
this time. Two-chambered California lobster traps with a 2x4-inch mesh were used from 
1976 through 1991, and molded plastic traps with a lx2-inch mesh were used from 1986 
though the present. Plastic trap escape vents, required to be opened for the commercial 
fishery, remained closed on the research cruises allowing for greater catchability of small 
organisms including small individuals of the target species. During research operations, 
baited traps were set in the afternoon, soaked over night, and then hauled the next day. 

All organisms captured were identified to the lowest taxonomic level possible, generally 
the species level, with total counts of each taxon recorded for each trap. In 1986, the 
Honolulu Laboratory initiated a fixed-site, depth-stratified survey program. Selected sites 
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were sampled annually during early summer at two banks in the NWHl, Necker Island 
and Maro Reef, with the exception of 1989, when no survey was conducted, and 2003, 
when only Maro Reef sites were visited. Two depth strata were targeted. Ten strings of 
8 traps were set in 18-37 m at each survey site and two to four strings of 20 traps were 
set in 38-91 m at sites where these depths occurred. At sites where the deeper water was 
not present, all trap strings were set within the shallower range. From 1986 to 1991, wire 
traps were used for the strings of 8 traps, and plastic traps were used for the strings of 20 
traps. Starting in 1992, plastic traps were used for all sets. 

Data Analysis 

Raw data from the fisheiy-independent trap surveys conducted from 1976 to 2003 
were summarized by species, year, bank, site, depth, and gear type. Some taxa (e.g., 
hemiit crabs, moray eels, and sharks) were poorly identified on a few earlier research 
cruises (e.g., to the genus or family level only), particularly on the 1991 cruise. For the 
puipose of analysis in this study, individuals of those poorly identified taxa within any 
site strata (bank/site/depth) were allotted amongst the probable species based on the 
relative abundances of those component species within that strata recorded for other 
years. Data for specific trapping sites at each bank were pooled into four bank/depth bins 
for diversity and abundance analysis. These bins are: Necker Island 18-37 m, Necker 
Island 38-91 m, Maro Reef 18-37 m, and Maro Reef 38-91 m. Data were excluded for 
years when less than 50 traps were fished within a particular bin. 

Simpson’s diversity (1/D), Simpson’s measure of evenness (Ej^), and Margalef’s 
diversity (a measure of richness) indices were calculated as follows for the four sampling 
bins. 



Simpson’s Diversity Index (1/D): 1/D = 1/S((n(n-1))/(N(N-1))) 

Simpson’s Measure of Evenness: Ej^ = (1/D)/S 

Margalef’s Diversity Index: D^^ = (S-l)/ln(N) 

where n = number of individuals of a particular species 

N = total number of individuals of all species in the sample 

and S = total number of species in the sample 
Catch-per-unit-effort (CPUE), in tenns of number per trap-haul, was calculated 
for species groups based on those species that comprised at least 1 .0% of the catch in 
plastic lobster traps (spiny lobster, slipper lobster, hemiit crabs, calappid crabs, portunid 
crabs, moray eels, and Hemochus diphreutes). Two additional groups, octopus and the 
whitetip reef shark, Triaeuodon obesiis, were added to the analysis for reasons explained 
in the discussion section. In order to compare patterns of species with very different 
catch rates, CPUE values for each species were indexed by their median value. Indexing 
results in a 1.0 value representing the ‘‘noiTnal” catch rate, 0.5 being one half nomial, 6.0 
being six times nomial, etc. The indexed CPUE values were then graphed together to 
compare abundance patterns. Linear regressions were applied to each series of diversity 
and indexed CPUE values using Microsoft Excel data analysis tools. Significant 
regressions at the 95% confidence level, positive or negative, were considered as 
evidence of possible fishing impact. 
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RESULTS AND DISCUSSION 



Selectivity 

Both wire and plastic lobster traps are highly selective gears for lobsters. Wire 
traps set between 1976 and 1991 on research cruises caught a total of 82 species (Tabic 
1). Of these species, the two target species of lobster accounted for 90.5% of the catch 
by number. Plastic trap catches from 1986 to 2003 contained 258 species (Table 2) of 
which 73.1% were the two target species. For both gears the two target species were 
most abundant in the catches. Also, two species of Dardcvms hemiit crabs were next in 
abundance for both gears, with the moray eel {Gyiuuothorax stemdacJvieri) within the 
top ten in both cases, Ridgeback slipper lobster {ScyUandes haan?!), a large reef fish 
(Melkhthys ffiger), and adults of three bottomfish species (Pristiponioides fiJenneutosm, 
Epmephelus queruus, and Pseudocaranx cheiJio), rounded out the top ten for the wire 
traps, whereas three sand-dwelling crabs (CaJappa caJappa, Chaiybdis hawaiiensis, and 
Rauma ranina), and two small reef-fish species {Heniochm diphrevtes and Pei^agor 
spllosoma) did so for the plastic traps. It is interesting to note that, with the exception 
of juveniles of Ephiephehis quenms, bottomfish species were not caught with the plastic 
traps. This may be a result of these species avoiding the plastic traps, similar to the 
behavior of avoiding structure, including plastic traps, observed by Moffitt and Parrish 
(1996) for juvenile Pristipomoides filameutosm. 

The smaller mesh size of the plastic traps was likely responsible for the greater 
number of species captured, most of which were small species. These traps were nearly 
equal to wire traps in their ability to catch spiny lobster, but were much better at catching 
slipper lobster (Table 3). Although the number of species caught in the plastic traps was 
much greater than in the wire traps, this gear was still highly selective. The top nine 
species comprised 90% of the catch by number (Table 2), Of the remaining species, 

181 of them (70% of the 258 species total) were represented in the catch by 18 or less 
individuals, which means they averaged only one individual caught per year of research 
trapping compared to an average catch of 4,1 14 targeted lobsters per year. 

Diversity 

Because the traps used in the NWHI lobster fishery were highly selective for 
target species, they did not provide a very accurate measurement of the diversity of the 
reef community on the lobster fishing grounds. However, changes in diversity indices 
measured by these traps over time could indicate whether fishing activity may have 
altered the diversity of the benthic community. Because the wire and plastic traps had 
different catchability characteristics for most species, the results could not be pooled 
across trap types, therefore only plastic trap results are included below. Unfortunately, 
diversity indices are strongly influenced by sample size (Kaiser, 2003; Magun*an, 2004), 
and the sampling effort in this study fluctuated (generally increased) over time. The 
indices used in this study were selected for their resistance to sample size influences. 
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Results of the linear regressions for diversity indices and species abundances 
over time are listed in Table 3. The Simpson diversity indices obtained for three of the 
four bank-depth bins displayed significant trends (Fig. 2). At Necker Island the observed 
diversity increased over time for both depth bins, whereas at Maro Reef a significant 
decline was obseiwed for the shallower depth bin. Richness (Margalef’s diversity index) 
and evenness components were evaluated separately and can help explain the observed 
changes in the diversity indices. Margalef’s index was selected as the measure of 
richness for this paper because of its resistance to sample size bias (Margurran, 2004). 
Despite this resistance, evaluation of species richness over time for the four bins showed 
a significant increase in all cases, largely miiToring changes in trapping effort and 
probably not reflecting actual increases in species richness in the benthic community. 
Regressions of effort and Margalef’s indices were significantly positive for all bins 
(Table 4). The relationship between richness and trapping effort over time for Necker 
Island 18-37 m is shown in Figure 3. Significant decreases in species evenness were 
observed for both depths at Maro Reef and are likely due to the large increase in slipper 
lobster abundance described below. Changes in evenness for Necker Island, on the other 
hand, were not significant. No significant increase in the evenness component with the 
fishing down of abundant target species as reported by ICES (1996) and Rice (2000) was 
observed in our study. In light of the changes in richness and evenness components of 
the diversity indices, it is likely that increases measured for Necker can be attributed to 
increases in the richness component as a result of increased sampling effort. For Maro 
Reef, decreases in the evenness component may have counteracted the observed increases 
in the species richness indices leading to a significant decline in diversity for the 18-37-m 
depth bin and no significant change in the 38-91-m bin. 

Relative Abundance 

Only lobsters showed a significant decline in abundance (Table 4). Spiny lobster 
CPUE values show significant declines as expected for three of the four sampling bins. 
The exception was the deeper (38-91 m) bin at Maro Reef, where spiny lobsters were 
never particularly abundant, and the observed declines in this bin were not significant. 
Changes in slipper lobster abundance showed a different pattern. Necker 18-37 m slipper 
lobster CPUE significantly declined in a similar manner to that of spiny lobster, whereas 
declines in the deeper bin were not significant. Slipper lobster abundance at Maro Reef, 
however, showed increases, significant at the shallower depths but not the deeper (Fig. 

4). This increase in abundance is likely a case of competitive replacement in response 
to the drastic drop in spiny lobster abundance at the shallower depths at Maro Reef; 
slipper lobsters were able to outpace the decline in abundance expected from commercial 
harvest. 

All other species groups examined showed either a positive trend or no significant 
trend in abundance over time. The nontargeted crustaceans groups, hermit crabs, 
calappid crabs, and portunid crabs, all showed a positive trend in CPUE in the shallow 
bin at Necker. These increases may be due to competitive replacement in response to 
declining lobster abundance. Hennit crabs showed no significant trend in the other 
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sampling bins, calappid abundance increased in the 38-9 1 -m bin at Ncckcr, and portunids 
increased in both depth bins at Maro. The only reef-fish species in the top 90% of 
the catch, Heniocbiis cUphreiites, showed no significant linear trends in abundance for 
any sampling bin. In spite of this, their pattern of abundance is interesting (Fig. 5). 

These fish were caught as recently settled juveniles, and their abundance in the catch 
for any year may reflect year-class rccniitment strength. As can be seen, abundance 
fluctuated markedly between years, most notably at Maro. Changes in abundance of 
the whitetip reef shark are presented in Figure 6. It was included in this paper due to 
its interesting pattern. As can be seen, abundance was low for most of the study period, 
but has increased markedly in the last few years at both Necker Island and Maro Reef 
This increase is not likely related to fishing activity (e.g., competitive replacement or 
scavenger enhancement) and remains unexplained. Finally, octopus abundance was 
evaluated due to its potential as an important prey item for the endangered Hawaiian 
monk seal {Mouaclnis schaiimslancU). As can be seen in Table 3, octopus are a relatively 
rare item in our trap catches with only 83 individuals captured in the 1986-2003 study 
period. Furthemiore, examination of research CPUE data shows no significant decline or 
increase in abundance over time. 



CONCLUSION 

In conclusion, lobster trapping activities have likely contributed to changes in 
abundance of a few species of the benthic community on the NWHI lobster fishing 
grounds, but do not appear to have resulted in major changes to the ecosystem. 

Significant declines in species abundance through direct removal (harvest) appear to 
be limited to the target species. Competitive replacement may have led to increases in 
abundance of several nontarget crab species and the targeted slipper lobster at Maro Reef 
Direct damage to the benthic habitat by the traps has not been studied, but is not likely to 
be substantial due to the low relief, hard substrate that characterizes the fishing grounds 
(Parrish and Boland, 2004). Future researchers may be able to measure and document the 
resiliency of the lobster populations now that commercial fishing has stopped. 
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Table 1. Species caught in wire traps, 1976-1991. 
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Table 2. Species caught in plastic traps, 1986-2003. 

Species # % Cum% Species # % Cum% 

Panulirus marginatus 37277 36.79281 36.79281 Pamilinis peniciUatiis 160 0.157922 96.7695 

ScyUarides squamosus 36783 36.30522 73.09803 Parupeneiis miiltifasciatiis 156 0.153974 96.9235 

Dardaints geminatiis 6297 6.215208 79.3132 Segastapistes ballieiii 152 0.150026 97.0735 
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Table 2. Species caught in plastic traps, 1986-2003 (Con’td) 
Species # % Cum % 

Pwdotia iostomm 1 0.000987 99.9734 

Miirexpele 1 0.000987 99.9743 

Bursa gramdaris 1 0.000987 99.9753 
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Table 3. Mean cateh rates of spiny and slipper lobster by gear type (number of lobsters per trap haul). 
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■ Research □ Commercial 



Figure 1, Commercial and research lobster trapping effort in trap hauls. (Commercial effort data is not 
available prior to the implementation of a Federal logbook system in mid- 1983). 




Figure 2. Diversity indices. 
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Figure 3. Species richness and trapping effort . 
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Figure 4. Indexed CPUE for slipper lobster at Maro Reef 
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Figure 5. Indexed CPUE for Heniochus dipheiites. 
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Figure 6. Indexed CPUE for whitetip reef shark. 
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